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Abstract 

In this work we present a generalized Laplace method for a formal, simple, quasi-classical, 
' determination of the outer and inner horizon radius of Kerr-Newman black hole. We consider 

0^ ■ classical gravitational interaction between a thin, with homogeneously distributed mass and 

electric charge, spherical (black) shell and a probe particle. Also, we use relativistic equiv- 
alence principle. Finally we suppose that probe particle propagates radially to shell with 
speed of light while tangentially it rotates in common with shell, so that total energy of a 
^ . probe particle equals zero. 

> 

^ . As it is well-known [1] Laplace determined radius i? of a static black star, identical to horizon 
^ ' radius of Schwarzschild black hole, by simple, classical method. He supposed that static black star 

■ " " ' holds mass M homogeneously distributed over its volume. Further, he supposed a probe particle 
with mass m at black star surface, interacting classically gravitationaly with black star. Finally, 
he supposed that probe particle total energy, i.e. sum of gravitational potential energy and kinetic 
energy by probe particle radial (in respect to black star surface) propagation with speed of light 
c equals zero, i.e. 

„ mc^ GmM , , 

Etot = ^ = (1) 

where G represents Newtonian gravitational constant. In natural system of units (G = c = 1) 
expression (1) turns out in 

„ m niM , , 

^to* = y - = (2) 

that implies 

R = 2M. (3) 
It is exactly equivalent to horizon radius of Schwarzschild black hole with equivalent mass M [2]. 
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In this work we shall present a generalized Laplace method for a formal, simple, quasi-classical, 
determination of the outer and inner horizon radius of Kerr- Newman black hole. We shall consider 
classical gravitational interaction between a thin, with homogeneously distributed mass and elec- 
tric charge, spherical black shell and a probe particle. Also, we shall use relativistic equivalence 
principle. Finally we shall suppose that probe particle propagates radially to black shell with 
speed of light while tangentially it rotates in common with black shell, so that total energy of a 
probe particle equals zero. 

So, suppose that there is a thin, rotating around an axis that holds center, spherical black 
shell, with radius R and constant angular velocity Vt as well as with homogeneously distributed 
mass M and electrical charge Q. 

Suppose that at the spherical black shell there is a probe particle with mass m that rotates in 
common with black shell (without relative rotation in respect to black shell) with constant angular 
velocity Vt. Also suppose that given probe particle propagates radially (in respect to black shell 
surface) with speed of light c. 

Then, as it is well-known [3] , classical kinetic energy of probe particle at black shell surface is 
given by expression 

„ mc^ m , j , , , 

Ek = + — — (4 

where 

] = m^fR (5) 

represents the probe particle angular momentum. 

Further, classical potential energy of attractive gravitational interaction between probe particle 
and black shell equals 

V, - (6) 

Since black shell is electrically charged with charge Q homogeneously distributed over black 
shell surface, then, as it is well-known [3], classical potential energy of the electrostatic repulsive 
self-interaction of black shell is given by expression 

V.--^^ (7) 

where eo represents the vacuum dielectric constant. According to relativistic equivalence principle 
mass equivalent to Vc equals 

It can be pointed out that mass M^. is negative since potential energy Vc is positive, i.e. since 
electrostatic self-interaction of black shell is repulsive. 

Suppose now that there is classical gravitational interaction between part of black shell with 
mass Mc and probe particle so that potential energy of this interaction is 

GmMc 1 1 

^- = -^ = ^"^2 4;^^^- 

Then total potential energy of interaction between probe particle and black shell equals 
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Finally, suppose that total energy of the probe particle equals zero, i.e. 

E,. .E.^V,^V,^^ + ^(J^f - Gm^ ^ G™1 ^ 0. (11) 

In natural system of units (G = c = 47reo = 1) expression (11) turns out in 



As it is not hard to see the following is satisfied 

j mvR mVtR^ MVtR^ J 



and 



where 



(13) 



mR mR mR MR MR 
where 

J = MQR^ (14) 

represents the angular momentum of the black shell. 
Equation (12), according to (13), turns out in 

_m m J 2 mM mQ^ _ 

It, after simple transformations, implies 

- + -(-)^--M + l^ = (16) 
2 2^M^ R 2 R ^ ^ 

^=2+2(m)^ + 2^=2+2«^+2^ 

= M ± (M2 - (^)2 -Q^)l ^M±{M'' - a" - Q^)! (18) 

while R± represent solutions of the quadratic algebraic equation over R 

i?2 - 2MR + [{^f + Q2] = i?2 - 2Mi? + [a^ + g^] = (20) 
corresponding to (16). 

As it is not hard to see, i?+ and R- represent expressions formally equivalent to expressions 
for radius of the outer and inner horizon of Kerr- Newman black hole with equivalent parameters 
M, Q and J, i.e. a [4]. 

In this way it is shown that radius of the outer and inner horizon of Kerr-Newman black hole can 
be obtained formally by a simple, quasi-classical method representing a generalization of Laplace 
method for determination of the horizon radius of Schwarzschild black hole. We considered classical 
gravitational interaction between a thin, with homogeneously distributed mass and electric charge, 
spherical (black) shell and a probe particle. Also, we used relativistic equivalence principle. Finally 
we supposed that probe particle propagates radially to shell with speed of light while tangentially 
it rotates in common with shell, so that total energy of a probe particle equals zero. 
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